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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a secondary battery of nonaqueous system electrolytic 
solution which is superior in charge and discharge efficiency and storage characteristics even at 
a high temperature, and nonaqueous system electrolytic solution used in the battery. 
SOLUTION: The nonaqueous system electrolytic solution in which lithium salt is dissolved in a 
nonaqueous solvent includes a sulfolane compound. The nonaqueous solvent includes the 
sulfolane compound wherein at least one hydrogen atom linked with a carbon atom constituting 
a sulfolane ring is substituted by a fluorine atom. The battery employs the solution. 
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XW7X 4, 5. 5-h'J7/l/tP-3- 

(v^M-p^^b) x/b*^>. 2, 2, 3, 4--r 
h77;l/^D~3- (v^l/^P^yl/) X;b*^>\ 
2, 2, 3. 5 -f-h^^^^n- 3- (VyfrXu* 
XA/2h*5'>, 2, 2. 4, 4 — t~ h7 7/M P- 
3- (v^/lotD*^) X;l/*^y. 2. 2, 4. 5 
-f h77^o-3- (i^U^n^T^) x;l/*5 
>\ 2, 2, 5, 5~fh77;!/^P-3- (v 7 ?;^ 
D^^;b) X;b*^>, 2, 3. 4, 4-fh77W 
u-3- (z/yjlsXatrM X;b^^>. 2. 3. 
4, 5-fh77^tD-3- (>?7;l/^D^f-;l/) X 
;b*V>\ 2. 3, 5, 5-fh77^P-3~ (S> 
y;l>*a*?-M 3. 4, 4. 5-fh7 

y;l/^-o~3- (^y;b^n^^;b) X;l/*^>\ 3, 
4, 5. 5-fh77;^P-3- (i^M-n;*^ 
;W x;b*^y. 4, 4, 5, 5— r h^:?;i/*b-3 

- diyyjV^ra^^M x;l/*^>\ 2, 2, 3, 4, 
4 -'<>$ty;Vjru-3- (s;7;l/tD^f;W x;i/* 
^ V, 2, 2, 3, 4, 5-^>^7;l/^n-3- 

7 A/* x;l/*^>\ 2, 2. 3. 5, 5-^ 

y£:7/i^p-3- (5>7jI/3J-d**-;W x;l/^^>, 
2, 3, 4, 4, 5-^V^*7;l/3fP-3- (s^U* 
p^T^b) x;U*^y, 2, 3, 4, 5. 5-^>*:7 
;I/^-d-3- (^7;Wpyf;W x/l/*^>, 2. 
2, 3, 4. 4, 5-^v4-9"7;U^*n-3- 
n^^;l/) X;l/*^>\ 2, 2, 3, 4, 5. 5-^* 
+T:7;l/*p-3- (i?yfr*u*r>V) x;b*^;/ % 
2, 3, 4, 4. 5, 5-^v^-9-^;l/^n-3- (^7 
;btP^f;l/) x;l/*5>\ v;M-p- 3 - (s> 

[0 0 2 2] (5) HU7;i/^P7;^np^t 
§77{tX/l/^7Wl:^: 2 -T7;M-n- 3 - (MJ 
7;l/^n^^;b) X;b^^>. 3-!7;M-p-3- (h 
U ^n/^p;*?-;!/) x;l/*^y, 4-yjls*u-3- 

(h'J7/Up^f;i/) x;l/*^>\ 5-^;I/^p-3 

- (h'J7^p^f;W x;i/*^>, 2, 2-^7/u 



*p-3- (hU7MP^f;l/) X;l/*^V. 2, 3 
-^:7;M-p-3- (h'J7Mp^f;i/) x;i/*5 
2. 4 ->>:7;M-p-3- (h U7;l/^n^7^-;V) 
x;l/*5>\ 2. 5-S/7;l/^-o-3- (HJ;7;M-p 
x;l/^7X 3, 4-i/7;U*o-3- (MJ 
y;l/^-p^^-;U) xn^^v. 3. 5-s>7;i/*-o-3 
- (hU7;^p^f;l/) x/^7V, 4, 4-^^/iv 
*D-3- (h>J7WP^f;l/) x;l/*^>. 4. 5 
-s>7;M-a-3- (h'J7;vtP^^) x;V*v 
X 5, 5->*7MP-3- (h l J7^P^fM 
X;l/*^>\ 2, 2, 3-h'J7;^P-3- (h'J7 
;l/^-p^^-;l/) X;l/*^V X 2. 2. 4-h'J7MP 

-3~ (h'J7;l/tP^f;l/) x;l/*^>\ 2,2,5 
-h'J7;l/tP»3- (h'J7Wp^f;W x;t/*^ 
>\ 2, 3, - (h>J7MP^ 

T^/l/) X;Ut7X 2. 3, 5-h'J7^P-3- 

(h'J7;l/tpy«) x;Kt7X 2, 4, 4-h'J 

2, 4, 5-h»J7MP-3- (h'J7WP^f 
;U) X;l/*^>\ 2. 5, 5-h'J7WP-3- O 
>J7WP^f;W X/l/*v>, 3, 4, 4-HJ7;l/ 
^p- 3 - (h>J7MP^fW X;U*^V, 3, 
4, 5~h'J7;l/^P-3- (h'J7^p^f;W X 
4. 4, 5-h'J7^P-3- (hU7;l/ 
*U*=}-)V) X;U*^>\ 4, 5, 5-h'J7;^P- 

3- (h'j7;^p^f;W x/i/*^v, 2, 2, 3. 

4- fh77;l/^P-3- (h'J7^P^f;W 
*5>>\ 2, 2. 3. 5-x f5^7l/^n-3- (hU 
y;|/^p^^;l/) X;l/^^y, 2, 2, 4, 4-T-h^ 

7;i/^p-3- (bVyjis^vt^M x;l/*^>, 

2, 2. 4, 5-f h77;^P-3- (h'J7^P 

X;b*^>\ 2, 2. 5, 5-rh77;WD 
-3- (HJ^I/^p;*^) x;b*^>\ 2. 3. 

4, 4-fh77^P-3- (h'J7;^P^fW 
X;l/*^>\ 2. 3, 4. 5-5^ h77MP~3- 
(h'J7;l/tP^W) X;Vr^v> 2, 3, 5. 5- 
f h77/^P-3- (h'J7^P^f;b) X;l/*5 
V. 3, 4, 4, 5-fh77^P-3- (h'J7;l/ 
;tn;^/l/) X;V^^>. 3, 4, 5, 5-y L b^y>\' 
^-p-3- (hU7WP^f/l/) X;l/*^V. 4, 
4, 5. 5-rh77;t/tP-3- (h'J7;l/*P^f 
x;l/*^>. 2 f 2, 3, 4. 4-^y^yjV^rxn 
-3- (h'J7;^p^f;i/) x;l/*^>\ 2. 2. 

3, 4, 5-^>^^;l/^-p-3- (hU7;l/^p^f 
M x;l/*^>> 2. 2, 3. 5. 5-^v*:7;l/*p 
-3- (h'J7^p^f;l/) x;U*^>\ 2. 3, 

4, 4, 5-^v^^;1/^-p-3- (h'J7;^p^f 
M X;l/^7>. 2. 3. 4. 5, 5 7Jl/*n 
-3- (h»j7;btP^f;W x;l/^^>s 2. 2, 

3. 4, 4 f 5— -n*-9*:7;Wp-3- (bVyj\s*v 



X/U*^>\ 2, 2. 3, 4, 5, 5-^-9" 
7;M-a-3~ (h'J7;l/to^f;l/) X;U*^>\ 
2, 3, 4, 4, 5. 5— -\4^:7;M-a-3- ( HJ 
7;l/^-a^^;b) x;l/*^>. 'V/^^M-n- 3 - 

(h'J7;l/tP^f;i/) x;i/^^> 0 

CO 02 3] 7 Wbx;i/*5^fb^3te, tfijxtfx;!/* 
^VXCi^mS^^-T^X;U^5> (t^T> £tA6TX 
yl/^ygf^d) ^^'y^^X^^M^^T^fS^Hi: 

^^ffli^n^o ±iesf6{cffli,^n^^*y^^xfi 

7^^^XtC^LT^S1i^:^XT^IRbfc^<0^ 
li, mm. -n'J^A, y^(L7j<^Xfi^^4JWT^^ 

(F 2 ) of±iA^;H:t:ti. iiSto. 0 1~1 0T^I> 
?bV £D#£L<ti. 0. l-2T*££o 

[0 0 2 4] X^^^Vji^^'y^^X^OJg^i, il 
^^X/b^^V^tc^lR^n/c^-y^^X^ 
ALTfT^n^)^ 7^^^X(c^L^g1^r^^# 

ffiTT'^^Tott^i^ ELfci&mu. mi%, -8 0 

°C~1 0 0°C. $ffL<(i-30t-8 0t«iT^ 

comm. mmomm, fcfci&m, g^t^fc^ot 

Mlfm 1 -5 0 OBff^T'&So 
[0 0 2 5] ±fSS^co^ jSCt^^^^^^^-yil: 

mzmtz&r. yvMrtxt(D^&fcT*mM?2>£ 

£LTli. 3 0-2 5 O^T'ff 50 

- 1 5 o °cco$nraT-?T 5 C £ L^ 0 
[0026] EtS35rstt@»s. ^ihItM, ^ii^i>-r 

%y vitxti^^it-sm^ ^/mm&, vm&ftfr 
(b^-yj\s*nmm&£T\ m*(Dm&mmz.z>t\. 

>y mittt'a & o t s mztizy? fbx;i/* ^ > fbi^ffi 
[0 0 2 7] itm*yv<txfr*^><t&ty)ti,xte. 



(7) M2 0 0 3- 1 3 2 9 4 4 

2-^;l/^nxyl/^^>, 3-7;l/^PXW7y> 2 
-:7/M-o- 3 -^^-;l/X;U^5>. 3 -V/l/^n- 3 
-y<?-;l/X/i/*^>\ 4 -y>\/*a-3-*?-)\sy,fr* 
7X 5-^;l/x}-o-3-^f-;l/Xyl/4->^>, 2~^;l/ 
^-n- 2-^f-;l/X;l/^^>. 3 -yfr*u- 2 
;l/X;l/^7^ 4 -7;l/^-p-2-^WX;l/t>7X 
S-^l/^a^-^T^x/b*^^ 2-7;b^-n- 
2, 4 -^V^;l/X;b*^>\ 3-V^^"n-2, 4- 
>?;><^-;l/X;l/*^>\ 4-7;l/^"D-2, 4-> ? ;*^;l/ 
X7l/^v>, 5-^;l/5}-n-2, 4 -S/^^;VX;l/^^ 
yf(D ; ey7/^DX;b^7y/)W6ti, <fct>#£L 

2-7;VtnXM7X 3-7^tPX;l/^7 
>\ 2-y;V^-u-3-^^-;Ux;U^^y, 3-^;l/^- 
n-3-^^;l/X;l/^-7>. 4 - yfr^u- 3 -^^^ 
x;l/* ^ 5 - 7 ;M- o - 3 - ^ ^;ux;l/* >^ 

[0028] yvit7sj\s*^>it&mz, m&r*$>2m 

Ltffl^t £>£i/\> 7 -y fbx;b*^ Wb-S^ge^ 

im&Mmi&<onmizM'3^T o . oi-ioi 
[oo2 9] ^wmco^^i^^xmrn^m^^nm 

[0 0 3 0] cn^^Drt. ^M^tltliff KM 

fc«^ffi (002) isod{@ mmmm &o. 335 

~0. 34nm, £ 9 Wf: L < (i: 0 . 3 3 5 — 0. 33 

^^^L<ti0. 1 a«%WTT-^o^Sffi^J;SX*9 
HffrT'^fejBS^^X (L c) #3 OnmWlt^ 
£c£7Wff£Ll\, teghTV^X (L c) fi, 50nm 

^tC^^^i/'T'VST*, 1-100/xm, $f^L<fi:3 
-50/xm, J:DifSl<li5-40|im, I!tc£?£ L 
<li7-3 0^mt'Ma BETffifctSffi««\ 



(8) 



Zfffi 2003-1 32944 



0. 5-25. OmVg-PftO, #2:L<te 

0. 5-20. Om 2 /g> <£D#£L<tiO. 6—1 
5. OmVg, JEtC^^L<fiO. 6-10. 0 m 2 

7V>X^^ h;l/##Hc*5^T 1 58 0— 1620cm 
- 1 <D®|ffllt:fcr— *Pa (tf-^iUglA) £13 5.0- 
l3 7 0 cm" 1 OWe-^P B (tf-^5*aiB) 
t<D&mttR= Ib/Ia^O-O. 5, 1 5 8 0—1 
6 2 0 c m^OSEIKDtf— ^O^fiPItf 2 6 c m" 1 i^ 
T\ MfC2 5 cm^WO^l^o 

co o 3 1 3 £fzcftib<Dmmnttmicv*vL>*®tm. 

Jifk^ftfcLTli. Ag, Zru AU Ga, In, S 

1, Ge, Sn, Pb, P, S b. BU C lu NL 
Sr, B a ^CO&fM t L i Op^, f: C ft £ <D 

«\ SnBWkftU S imtW, A l»ftft> Sn, Si 

[0 0 3 2] cnz<D&mttui*2mmvL±%m&Lr 

[0 0 3 3] |8«»J£ffl^*i§^t;:ti\ m^ll^BtfrC^ 

[oo3 4] srcmmttttm^zm^ici^ mmmmm 

3£<0£Jltf&ffl£ft. cft^Q^T-iiMKAnXL^r^ 
[0 0 3 5] *f£W0}VrVI*-&nm*ffitii-?2>lEM 



[0 0 3 6] maffl««#otJH*±. z^-^a. t"- 

cin^©*-p{A % y ;b ^ - ^ A ^ t± ^ cO^^Tb^ft T* 
RB££ft£t\, fcfcU «JB«:ci*LTfiffi-e, ffifflttt 

[0037] aa, iEaRtfSf7k3R«sss*«^fc#a 

££ft-f, ^MiRt/-bAU-^^^^7;l/Wc 
[0 0 3 8] 

[iESOff «] iEffiffiftK i:LTLiCo02 8 5H 

(^fk**tia, : k f~ i ooo) 911%?: 

infcTig'&U N-^7*-;l/-2-tfoy K>T?flttU 

£or;i/^x»>Afs±tci^-tc^L, mm. m& 1 

2. 5mm<DP3fi«f«:fT^tfet>riEffii:Lfco 
[0 0 3 9] [fififtQftSU XWlelffftci^ttSffi^ffi 
(0 0 2®) (Odfftf 0. 3 3 6 nm, JI^IM X (L 
c ) i)\ 1 0 0 n m£U: ( 2 6 4 n m) , 0ZSWO . 0 
411%, U— tf-HJJJT • ftaffitCckS^^T'Vg^ 1 
7/im, BETffiJt^ffi8W8. 9mVg, T;l/rf> 

T 1 5 8 0- 1 6 2 0 cm- 1 C0©HOtr— ^Pa (If- 
I a) tl 3 5 0- 1370c m- 1 cQi£a<7)£— 
^Pb (tr-^^jSlB) t©SfiJtR= Ib/Ia*' 
0. 1 5, 1 5 8 0-1 6 2 0 c m'^Wm^—^ (O 
*«B^2 2. 2 cm- 1 T*&5Ai£HiGf&>fc (rJl** 

M±m. : k s - 4 4 ) 9 4 mm%\cm@*x*» 



(9) 



M2 00 3-1 3 2 9 4 



^^-^/cX^-l^V-y^^xVrfA (S BR) £HJE# 
U X5'J-^i:LrctcD^M^mT^^^^ 1 8 

/Co 

co 0 4 0] [a>r>sa-t;i/off»] ±tsoiEffi, as 

[0 0 4 l] [3>C^3a-b;l/(0fffiffi] 25T:ic:fc^T. 
5£ltl*±llBE4.. 2V, Sfc©»±«E2. 5VT0. 5 

7tmi,rc<D%^ 0. SmA^TOft 

[0 0 4 2) 5tNf £;l/Btt«», ££tco. 

5mA^IMlU Bfi«i«ffii:Lr8 5tt*7 

7-9--T^/UBiO?E«S«T*»Jofefl[*«fiF»tti: Lfc. 
(LiP Fe) %t£Mt LT l -t7l//y «y ^KOfiJ 

2 u iM^mcx^^ 

>SH*/l/*ffBIU »JHX0A»*. SffWttfcBBU 
[0 0 4.3] K&BSM2] xfl/^-^-h^yx 

i P Fe^r l *7l//y *y h/l/©f«^T'ig»U Mtc 2 - 
7;^n7;l/*7>*«IIBIIOIlfc:WL 2 ll%ofI 

1 fcH«fcLTWiK*fTaofc. 



[0 0 4 4] [^lftM3] xfl/^-^-Ffc^x 

i PFe^rl *y h A/4)»J«--Cigfi? U 2 

«%<0*J*T?J6WLTliHLfe«»W*fflv^fcc tun 

[0 0 4 5] [1116014] xfUyA-t^~hi:^x 
^;l/*-4?^-h^MStkTM : i*cH*Lfc»»£:L 

1 PFeSltib/U^ >Jl/©*Jfi"CBIBU Mtc 2 - 

2 : 8 0S^i»«Olil:SL2ii%<?)ftet 

[0 0 4 6] [HSSM5] xfuy^-^-h^i/'x 

hv^U^n^&U^A (L i B FO * 1 
U *y h/UOMft-eiSJSU 1C3-7;^oX;^7> 
*«WS©MHc#L 2 ii%OM^iSIBLtH8 L 
fcW»«*flHr^cl:wn*iJttlliW 1 £P0«fc: LTfffiffi 

[00 4 7] [HaSfi»j6] y-^n^^ h>tCL i P 
Fe£: 1 U >y hJKDSJ^TiS/BU H(C 3 -7/1/ 

HI«fc:LTI«lfi*fT&ofc 0 

— b^figtfcTM : ncffi^LfcigJ*fc:. L i P Fe^r 

[0 0 4 8] [tmm 2 ] xfUy^-^- h £ S*n 
^l/*-**- K^SffiitT' 1 : 1 tcE^Lfcigj«lc. 
LIBF^l ^e;l//U *y h/l/0«^?iS»LT»HL 

Ut««3] y-y^D^^h>tC, LiPFe^l^e 

[0 0 4 9] cn^offfflHSII**- 1 icSf. 

[0 0 5 0] 
Ml] 
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